The recent warming trends have led to rising concerns on how the changing climate has been altering and will continue to alter agroclimatic conditions in China. In this study, high resolution climate scenarios from regional climate models (RCMs) are used as input to the agro-ecological zones (AEZ) model for China and to compute a comprehensive set of agroclimatic indicators. Uncertainties in the projected impacts of climate change on agroclimatic conditions are also discussed with respect to (1) RCM outputs for different emission scenarios, and (2) differences in projections obtained from two different RCMs under the same emission scenario. The results indicate a significant extension of the crop growing period in tandem with the rising temperatures during the crop growing season, which may lead to increase in multi-cropping opportunities at high latitudes and thus advance the total potential output per unit of cropland. However, the results show that the Southwest China will experience a significant reduction in the value of humidity index, implying severe challenges for future agricultural development in the region. Spatially explicit patterns of changes in future agroclimatic conditions, as revealed in this study, can be beneficial for policy-makers, farming communities and other stakeholders to assess risk factors, design adaptation and mitigation measures, and improve management practices at the local to regional scales.
Introduction
According to the Fourth Report of the Intergovernmental Panel on Climate Change (IPCC), the global average temperature increased by 0.74
• C from 1906 to 2005.
This warming trend is likely to continue and the global average temperature will rise between 1.8 and 4.0 • C in the 21st century (Solomon et al., 2007) . The observed warming in China was much higher than the global average and also higher than the average of the Northern Hemisphere. Annual mean surface temperature in China as a whole rose by about 1.3 • C from 1951 to 2004 (with a warming rate of about 0.25 • C/10a) and the warming has accelerated since the mid-1980s (Ren et al., 2005) . Climate is one of the most important limiting factors for agricultural production (Moonen et al., 2002) . Climate change is expected to exert significant impact on both regional and global food production through changes in overall agroclimatic conditions, including temperature regimes and precipitation which affect crops suitability and soil moisture conditions (Fischer et al., 2005) . Along with the recent warming trends there are rising concerns on how the changing climate has been altering and will continue to alter agroclimatic conditions in China and thereby affect crop production in the future. It has been acknowledged that regional warming in past 50 years has extended the length of the potential growing season for crops and allowed northword expansion of the northern limits of cropping systems (Piao et al., 2006; Yang et al., 2010) . Meanwhile, the number of frost days have shown a declining trend across most cropland regions (Zhai and Pan 2003; Qian and Lin 2004) . Piao et al. (2010) present a comprehensive review of the recent literature on this important topic. Many agricultural activities, including the selection of cultivars and crop rotation schemes as well as the timing choices of field management operations, etc., have long been based on empirically tested agroclimatic zoning schemes and/or agroclimatic indices that are both practical and understandable to the agricultural users. To better understand and manage the risks posed by climate change it is helpful to employ a set of agroclimatic parameters that are capable of indicating the consequences of climate change for crop production. In this study, we employ such key agroclimatic parameters as temperature sums and length of temperature growing periods; the reference and actual evapotranspiration and humidity index; and the length of growing period to provide a general picture of future agroclimatic conditions at the grid-cell level for China.
Climate change scenarios for impacts assessment are basically generated by General Circulation Models (GCMs). The horizontal resolution of most present-day GCMs is at the order of a few hundred kilometres (Meehl et al., 2007) . Therefore, they are incapable of capturing significant subgrid scale features such as complex topography and land surface characteristics. Bridging the gap between the resolution of GCMs and regional and local scale processes represents a great challenge for the impact assessment of climate change, including the application of climate change scenarios to agricultural models. To meet the challenge, considerable efforts have been devoted to the development of such techniques known as 'downscaling'. Two mainstream approaches exist for the downscaling of large-scale GCM output to a finer spatial resolution. The first one is the statistical downscaling techniques which have been employed to generate meteorological data with a high spatiotemporal resolution to assess future changes in agroclimatic conditions in Europe (Trnka et al., 2011a (Trnka et al., , 2011b .
The second approach is dynamic downscaling which is associated with regional climate models (RCMs). As RCMs can much better represent the local land surface variables affecting the regional climate and internal climate variations, the application of RCMs has become increasing popular and is regarded as a powerful way of downscaling the GCM simulations of large-scale circulation patterns for obtaining climate change scenarios at a high resolution to serve the regional climate change impacts assessments .
It is worth noting that regional studies of future agroclimatic conditions based on high-resolution RCM projections have mainly focused on Europe Olesen et al., 2007; Trnka et al., 2010) . For China, most of the existing studies focus on assessing historical changes of agroclimatic resources inventories for different regions of China (Dong et al., 2009; Li et al., 2010; Sun et al., 2010; Dai et al., 2011) . There has been a shortage of studies assessing future changes in agroclimatic indicators posed by climate change at the pan-China scale. More specifically, to the best of our knowledge, our study is among the first to conduct a comprehensive assessment of future agroclimatic conditions based on RCM outputs for China. In this study, we utilize the best available high-resolution RCM projections of PRECIS (Providing Regional Climates for Impacts Studies) and RegCM3 for China (Xu et al., 2006; Gao et al., 2011) and comprehensively evaluate China's agroclimatic conditions under present and expected future climates, with the aim to provide understandable information of climate change impacts on agriculture to decision makers, farming communities and other stakeholders.
To partly address the uncertainty issue in the estimated impacts of climate change on agroclimatic conditions for China, we compare assessment outcomes between different CO 2 emission scenarios (A1B, A2, B2 of the IPCC Special Report on Emission Scenarios) under the same PRECIS RCM, and then between two different RCMs under the same emission scenario (A1B).
Materials and methods

AEZ Model and agroclimatic indicators
The modelling tool for our assessment of past and future agroclimatic conditions is the Agro-ecological Zone (AEZ) database and methodology, jointly developed by International Institute for Applied Systems Analysis (IIASA) and Food and Agricultural Organization (FAO) of the United Nations (Fischer et al., 2002) . AEZ uses agronomic-based knowledge to assess agroclimatic suitability and land resources availability, examine farmlevel management options, and estimate crop production potentials. It employs detailed spatial meteorological, biophysical and socio-economic datasets to distribute its computations at fine gridded intervals over the entire territory of the jurisdiction concerned. The assessments of agroclimatic and land resources inventories is then used to evaluate, for specified management conditions and levels of inputs, the suitability of crops in relation to both rain-fed and irrigated conditions and to quantify the expected attainable production of cropping activities as relevant under the specific agro-ecological context. The characterization of agroclimatic and land resources includes components of climate, soils, landform, and present land cover. The simulations of crop growth dynamics in AEZ are based on daily thermal and moisture conditions.
Thermal regime
Thermal conditions are crucial in regulating crop growth and development. In AEZ, the effect of temperature on crop growth is characterized in each grid-cell by thermal regimes, which can be represented by temperature sums and length of temperature growing periods. Reference temperature sums are calculated for each gridcell by accumulating daily average temperatures (T a ) for days when T a is above the respective threshold temperatures (5 and 10
• C). The length of the temperature growing period is calculated as the number of days in the year when T a exceeds the respective temperature threshold.
Evapotranspiration
The reference evapotranspiration (ET 0 , mm/day) is a general indicator of ecosystem water demand, represents evapotranspiration from a defined reference surface, which closely resembles an extensive surface of green, well-watered grass of uniform height (0.12 m), actively growing and completely shading the ground. AEZ calculates ET 0 from the attributes in the climate database for each grid-cell according to the Penman-Monteith equation.
The actual uptake of water for the reference crop is characterized by the actual evapotranspiration (ET a ) in a grid-cell. The daily water balance calculation of ET a differentiates two possible cases depending on the availability of water for plant extraction. When enough moisture is stored in the soil profile and water is not limiting, the ET a value is equal to the maximum evapotranspiration (ET 0 ) of the reference crop. Under limiting water conditions, ET a is a fraction of the crop-specific potential evapotranspiration (ET m ), depending on soil water availability. The details of the ET a calculation is long and highly technical, and can be found in AEZ model documentation (IIASA/FAO, 2010).
Humidity index
The humidity index is calculated as the ratio of precipitation to ET 0 multiplied by 100. The index is calculated for the whole year, for the 6-month periods of April to September and October to March, and for seasonal 3-month periods. An index value of more than 100 characterizes a situation when available precipitation exceeds reference evaporative demand. Index values below 100 signal periods of rainfall deficit.
Length of growing season
The agroclimatic potential productivity of land is closely associated with the number of days during the year when temperature regime and moisture supply are conducive to crop growth and development. In the AEZ methodology this period is termed the length of the growing period (LGP, days). In a formal sense, LGP refers to the number of days when average daily temperature is above 5
• C
and ET a exceeds a certain fraction of ET 0, usually specified in the range of 0.4-0.5. This is considered to delineate periods when sufficient water is available in the soil profile to allow the cultivation of annual crops. Under irrigated condition, the length of the 'temperature growing period' (LGP t ) is calculated as the number of days in the year when average daily temperature is above a temperature threshold 't'. In this study, the length of thermal growing season above 10
• C (TGS10), i.e. the number of days in a year with average daily temperature exceeding 10
• C, was computed for the baseline period 1961-1990 and for a range of RCM-based climate scenarios. (Xu et al., 2006) . In this study, PRECIS is run for a geographical window covering China and its simulations for the baseline period of 1961-1990 are corrected based on observational records from 751 meteorological stations across China. Xu et al. (2006) conducted a test on the applicability of the PRECIS model to the Chinese climate by comparing historical temperature and rainfall data over China for with modelled data for this baseline period. The test shows a generally good agreement between observed and simulated data. The spatial correlation coefficient between model simulation and observation for the baseline run is 0.95 for annual temperature and 0.75 for annual precipitation, respectively. This test provides confidence in the prediction results of PRECIS for China's climate in the 21st century under the future scenarios of greenhouse gas emission as described in the IPCC Special Report on Emission Scenarios (SRES). Another popular RCM employed in this study is the RegCM3 model, which is based on the model of Giorgi et al. (1993a Giorgi et al. ( , 1993b and includes the upgrades of Pal et al. (2007) . For the simulations with RegCM3, initial and time evolving lateral boundary conditions at 6-h intervals for temperature, surface pressure, wind and specific humidity, are provided by the CCSR/NIES/FRCGC MIROC3.2_hires simulations under the IPCC SRES A1B scenario, and a 150 year (1951-2100) transient simulation is conducted (Gao et al., 2012) . The horizontal grid spacing of RegCM3 is 25 km, and the model domain covers the whole of China and surrounding East Asia areas. Gao et al. (2012) validate the model performance and show that the spatial correlation coefficient between model simulation and observation is 0.95 and 0.98 for temperature and 0.58 and 0.82 for precipitation in winter and summer, respectively.
To further downscale the outputs of both PRECIS and RegCM3 simulations for AEZ application at the 10 × 10 km resolution, an inverse distance weighted (IDW) interpolation in ArcGIS software is performed. For temperature interpolation, monthly or daily data are first reduced to sea level, then spatially interpolated using IDW, and then corrected to the actual altitude of individual 10 × 10 km grid-cell. 
Results
Climate changes over China
Figures 1 and 2 report the regional and national changes in temperature and precipitation from the baseline climate to the predictions of PRECIS and RegCM3 under three CO 2 emission scenarios. The changes are presented for the annual average and for each of the four seasons. To show regional variations of our assessment results, this study groups Chinese provinces into eight regions as shown in the note of Figure 1 . The warming trend is confirmed in every region by the indicator of annual mean temperature in all combinations of RCMs and CO 2 emission scenarios. At the national level, the rising of annual mean temperature from the baseline to the 2080s will be between 3.38
• C (PRECIS-B2) and
5.34
• C (RegCM3-A1B). Under the same scenario A1B, prediction of RegCM3 is warmer in every region than that of PRECIS. With the same RCM PRECIS, A1B produces the warmest climate in comparison with A2 and B2, with is coincident with the magnitude of the respective emission trajectories. While the temperature in the 2080s are moderately higher under A1B than under A2, they are more than 1.0 • C warmer under A1B and A2 than under B2 in seven of the eight regions except the southeast China.
In terms of regional variation, the results show that the northern part of China will experience sharper warming than the southern part. In more detail, for PRECIS projections to the end of this century, the Northeast and Northwest regions will experience the most significant increase in warming by 5.3
• C and 5.1 • C, respectively.
For RegCM3 projections, the Plateau, Northeast and Northwest regions will experience even more significant increase in warming, by the extent of 5.9, 5.6, and 5.6
• C, respectively, and closely followed by the North region at 5.2 • C. In comparison, warming in the southeastern part of China will be less dramatic. The simulations of most GCMs tend to show greater warming in winter compared to summer over China (Jiang et al., 2004; Zhou and Yu, 2006) . Observational studies also report greater warming during cold seasons in recent decades (Tang and Zhai, 2005) . In contrast, simulations from both RCMs indicate a warming of similar magnitude for summer, winter and annual mean, with a slightly higher magnitude for winter. In most cases, the weakest warming are suggested for spring. This contrast suggests that further investigation is needed to better understand the mechanisms involved. At the national level, the trend of increasing precipitation is confirmed by the simulations of both RCMs. By the end of this century, the PRECIS-A2 combination shows an increase of precipitation by 22.3%, followed by 21.6% of the PRECIS-A1B, 12.8% of the RegCM3-A1B, and 11.4% of the PRECIS-B2. There are obvious variations in the predictions produced by these two RCMs at the regional level. PRECIS simulations suggest precipitation increases in every region, most significantly in the Northwest and Southeast; whereas RegCM3 simulations indicate annual rainfall decreases in the North, Northeast and Southwest regions by the 2020s, and continued rainfall decrease in Southwest region by the 2080s. Both RCMs suggest that the already rainy southeast China will become wetter and the precipitation will increase significantly in the Northwest.
In terms of seasonal precipitation changes, RegCM3 simulations indicate that an increase of precipitation in summer over the Northwest, Southeast, and East and a decrease in the same season over Tibet, the Northeast, and Southwest by the 2080s; whereas the PRECIS projections suggest that the Northwest and Southeast will experience the most significant increase of precipitation in summer. Both RCMs suggest significant precipitation increases in winter in the north part of China and the Plateau region, also more rainfall in autumn in the south part of China.
Impacts on thermal conditions
Crops require sufficient warmth to develop through their growth stages. The effective accumulated temperature sum above 10
• C (TS10), which is measured as the sum of daily temperature for the period of daily mean temperature above 10 • C, is arguably the most popular indicator for characterizing thermal growing conditions in China (Zhang and Zhu, 1959; Qiu, 1986; Zheng et al., 2010) . Peninsula and Hainan Province in south China. Figure 3 (a) also reports, in column charts, the average changes in TS10 at the regional level from the baseline climate to the predictions of PRECIS and RegCM3 under three CO 2 emission scenarios. It shows that both RCMs predict overall increases in TS10 across China, but with large variations across regions. The results of PRECIS and RegCM3 simulations are generally consistent under A1B scenario over different future climatological periods (Figure 3(b) and (c) ). In more detail, both models suggest that TS10 increases are most pronounced in the Plateau region, followed by the Northwest and Northeast at much reduced growth rates. Variations across the emission scenarios of A1B and A2 are very small, whereas PRECIS simulation under B2 produces lowest increase of TS10 in every region.
In brief, the results indicate that climate warming will significantly improve the thermal growing conditions in regions with high latitude and high altitude. . ET 0 critically depends on temperature and hence altitude and latitude. Low annual ET 0 in the Plateau and Northeast regions coincides with high altitudes and/or northern latitudes of these areas. The annual high ET 0 in south China corresponds with high temperatures. In addition, the high ET 0 in arid areas in northwest China and Inner Mongolia is exacerbated by low levels of relative humidity, and long sunshine duration there. Figure 3 (a) also summarizes, in column charts, the percentage changes in ET 0 at the regional level between the baseline and predictions of PRECIS and RegCM3 under three CO 2 emission scenarios. It shows that the ET 0 will increase across the 8 regions in line with the increase in temperature as presented in Figure 1 , with the exception of the Plateau region. While the PRE-CIS simulations show that ET 0 in the Plateau displays the weakest changes (Figure 4(b) ), RegCM3 simulations suggest the opposite -the most significant increase in ET 0 will occur in the Plateau region, and then closely followed by the Northeast region (Figure 4(c) ). Also in line with the increases in temperature under different scenarios, PRECIS simulations produce the lowest increases in ET 0 under B2 scenario.
Impacts on evapotranspiration
The spatial pattern of the annual actual evapotranspiration (ET a ) under the baseline climate is shown in Figure 5 (a). The southeastward increase in annual ET a from 50 mm in Northwest to 1000 mm in Southeast resembles the pattern of precipitation over China. For humid areas the annual ET a is clearly lower than the annual precipitation. In most parts of China, the change in precipitation dominates the change in ET a except for Southeast region where changes in ET 0 is the major driving factor. For the percentage changes in ET a at the regional level, the column charts in the figure show that all regions in general and Plateau and Northwest regions in particular will experience significant increase in ET a , which are largely in agreement with the simulated increasing of precipitation as presented in Figure 2 . Under the same A1B scenario, PRECIS simulations suggest a more significant increasing in ET a across seven of the eight regions except Plateau, owing to the wetter condition from this model in comparison with the simulations of RegCM3. Interestingly, the simulations of both RCMs show that the most significant increase of ET a will occur in the Xinjiang province and Plateau region (Figure 5(b) and (c)).
Impacts on moisture conditions
Under the baseline climate, the humidity index (HI), i.e. the radio of precipitation over ET 0 , shows a very distinct gradient (Figure 6(a) will influence future moisture conditions throughout China. The column charts there indicate that under the A1B scenario, the RegCM3 projections indicate that all eight regions will generally experience decrease in the Precipitation/ET 0 ratio. The results for the Northwest imply that the simulated increase in precipitation is insufficient to alleviate the arid condition in the region for the 2020s and 2050s. The Northeast will be much drier due to the decrease in precipitation, especially in summer. The PRECIS projections also suggest generally decreasing humidity for 2080s under three CO 2 scenarios, with the exception of the Southeast, Northwest, and north Plateau region (Figure 6(b) ). The results of PRECIS-A1B and PRECIS-A2 combinations suggest that the arid condition in the Northwest will be alleviated because of more precipitation in the 2080s. While the PRECIS simulations show that HI will generally increase with more precipitation in the Plateau, RegCM3 simulations suggest the opposite -the most significant decrease in HI will occur in the Plateau region due to the reduction of precipitation. It is worth highlighting that all results for the Southwest from both RCMs show significant reduction in the value of HI. It is also worth noting that severe drought has already occurred frequently in recent years in this region. The combination of these two sets of results implies severe challenges for future agricultural development in the Southwest region. Figure 7 (b) and (c) further show that the HI in the summer half-year (Q2 and Q3) will decrease in Southwest and increase in Southeast across all simulation results. However, the two RCMs produce opposite changes for Q3 in the Northeast, North, Northwest and Tibetan Plateau, in line with the precipitation projections from each of the RCMs. For the winter half-year (Q1 and Q4), consistent increases in the Northwest and North are produced by all simulations but opposite changes are produced in other regions (Figure 7(a) and (d) ). Generally speaking, in most regions of China PRECIS and RegCM3 projections under A1B scenario indicate opposite directions for the changes of the HI implying considerable uncertainties in projecting future humidity condition. LGP is expected to occur on the Qinghai-Tibet Plateau, from 77 days in the baseline and 99 days in the 2020s, to 120 days in the 2080s under the PRECIS-A1B. They all also agree that a shortening of the growing period under rain-fed condition may occur in the Southeast region because this region already have enough thermal resource and higher temperature will have adverse effect on crops in the absence of irrigation. Departure from the consistent results of the above-mentioned three sets of simulations, the PRECIS-B2 simulation suggests that the North, Central, and Southwest regions will be likely to experience a shortening of growing period as well in the absence of irrigation.
Length of thermal growing season above 10 • C (TGS10)
Under present-day condition, values of TGS10 range from close to zero in the Plateau region to year-round in the very southern part of China (Figure 9(a) ). Because higher temperatures resulting from climate change will increase the length of the TGS10, all projections presented in the column charts of Figure 9 (a) show similar pattern of TGS10 extension in each of the eight regions and RegCM3-A1B produces a higher rate of extension than PRECIS-A1B does in every region. TGS10 in the Plateau region will be almost tripled by the 2080s under PRECIS-A1B, from 30 days in the baseline climate to 83 days in the 2080s, and more than tripled to 101 days in the 2080s under RegCM3-A1B (Figure 9 (b) and (c)). At the other end, TGS10 in the Southeast region will keep stable because daily average temperatures in the region exceeded 10
• C almost every day already in the baseline.
In other six regions, the range of TGS10 increase will be between 24 days (11.1% under PRECIS-B2 in the North region) and 67 days (29.3% under RegCM3-A1B in the Southwest).
Discussion and conclusions
To date, the existing projections of Chinese crop yields under climate change have been based mainly on the results of process-based crop-growth models. The present research complements these studies that have been performed so far for China and puts an emphasis on a more general notion of fundamental agroclimatic conditions that regulate the selection of cultivars and crop rotation schemes and furthermore the timing choices of field management operations, thus determining the total production potential of a given piece of land. While studies based on crop-growth models provide very detail assessment of how the crops actually respond to climate and how this response affects yield, the assessment of agroclimatic conditions provides more general information about which crops, cropping rotation schemes and/or farming technologies can be in general applied within the area concerned. Such assessments would help policy makers to understand the shifts in the patterns of key agroclimatic indicators, thus facilitating the development of macro-strategies for adjusting cropping structures, adopting suitable technologies, and developing adaptive infrastructures.
In this study, we have compared the baseline agroclimatic conditions of China to those expected in the near future (2020s), around the middle (2050s), and end (2080s) of the 21st century by the projections of two popular RCMs under three emission scenarios. This allows us to examine a set of key climate indicators that are obligatory in regulating crop growth and output. The combination of rising air temperature and changes in the amount and distribution of precipitation in the future will generally lead to a lengthening of the crop growing season and may significantly increase multi-cropping opportunities in most regions of China. Of course, to confirm the latter conjecture, more careful research on matching crop requirements and prevailing climate conditions is needed. Nevertheless, the present study confirms the substantial northward expansion of the thermal suitability of crop production in China under climate change. The extension of the crop growing period in central and northern China will have profound implications for regional agricultural production. Earlier onset of the growing season will favour earlier sowing of crop and a later cessation of the growing season may provide favourable conditions for the growth of crops in higher latitudes. In addition, the extension of the crop growing period is in tandem with rising temperatures during the growing season, which may advance the total production potentials per unit of cropland at high latitudes by increasing the potential number of harvests.
However, it is worth noting that the benefits of a lengthened growing season with higher temperatures may be counterbalanced by changes in the precipitation patterns, because a combination of them may reduce the humidity index in the summer half-year, especially in the arid and semi-arid regions where water has been a major limit factor for crop growth. The Qinghai-Tibetan Plateau with its high elevations will most likely experience improvement in agroclimatic conditions, however, as an ecologically fragile region, such improvement may not necessarily lead to increased potential for crop production. It is also noteworthy that both RCMs project drier condition in the Southwest region which already suffered from severe drought in recent years. The above discussion indicates that future work should focus on a spatially explicit match between improved agroclimatic conditions and the potential number of harvests.
To partially avoid the uncertainty caused by using a single climate model, we employ climate projections from two best available RCMs to assess the future agroclimatic conditions across China. The predicted increase in temperature is relatively consistent between the two RCMs and the projections of temperature-related indices generally show a good agreement as well. RegCM3 simulations generally show more significant increase in TS10 and thermal growing season above 10
• C, especially in the Plateau region. In contrast, the relatively large intermodal differences in precipitation, which demonstrates large uncertainties in projecting future precipitation changes, bring in considerable discrepancies in the estimation of precipitation-related agroclimatic index, such as evaporation and HI, between the two RCMs. Opposite changes for HI between the two RCMs can be found in most regions of China. Such discrepancies would add difficulties to the attempt to match improved agroclimatic conditions with the potential increase in multi-cropping opportunities. Like most studies in the climate change impacts assessments, there are several sources of uncertainties and limitations in this study. Uncertainty in climate projection is one of the main sources of uncertainty in assessing the effect of climate change on agriculture using model simulation (Yao et al., 2011) . While the dynamical downscaling may provide additional climate information, or 'add value' for the study of climate change and its potential impacts, the improvements depend essentially on the kind of application, experimental setup, analysed model variables, and location (Feser et al., 2011) . Moreover, the skill of an RCM in dynamical downscaling application is highly dependent upon the skill of the driving GCM and the biases of an RCM are not necessarily smaller than that of the driving GCM . It is recognized that different GCM inputs and different RCMs would produce disparate spatial and temporal patterns of regional climate change scenarios (Gao et al., 2012) . Recent study suggest that for climate change studies, highest priority should be given to improving the long-range climate skill of GCMs (Racherla et al., 2012) . Therefore, multi-GCM and multi-RCM ensembles of climate change simulations would reduce uncertainty and achieve more scientifically robust and valuable conclusions in the projection of future regional climate change. Another limitation is related to driving the AEZ model by making use of a 30-year averaged climatology, which may greatly weaken the seasonal variability of agroclimatic indices. Running the AEZ model year by year with seasonal mean climate conditions should represent seasonal variability better, but it would be inevitable to add a great uncertainty to the assessment due to the application of year-by-year climate change scenarios given the well-known scientific cautions on such yearly-presented scenarios.
